Because of government support for electric vehicles and the ever-increasing demand for portable power sources in consumer and national security devices, lithium batteries are expected to grow more than 20% per year 1,2 . Specifically lithium-ion batteries are favorable because of their high-energy density 3 . The electrolyte within lithium-ion batteries strongly affects ion mobility and warrants much investigation. Composite electrolytes are greatly increasing in popularity because they possess positive properties of liquid and solid electrolytes. We use hectorite clay platelets as fillers for our nanocomposite electrolytes. Hectorite and other 2:1 layered clays (smectites) are unique in that they are characterized by a negatively charged plate-like structure with exchangeable associated cation counterion sandwiched between the plate-like layers ( Figure 1 ). For lithium-ion battery application, the native sodium cations are exchanged for lithium ions and the plate-like particles are dispersed in high-dielectric solvents (e.g., ethylene carbonate and propylene carbonate) to create a physically gelled structure.
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The technique for dispersing clay platelets in organic solvents is critical to the effective distribution of clay platelets and, hence, ion mobility. We use ethanol as opposed to water to initially exfoliate the clay platelets, thus avoiding harsh drying techniques necessary to reduce water content. Lithium-exchanged clay + polyethylene glycol dimethyl ether (PEG-dm) + ethylene carbonate are mixed in excess ethanol using a Silverson L4RT highshear mixer. Ethanol is evaporated by heating while mixing the components, leaving a clear, well-dispersed gel.
The objective of this research is to investigate the effect of PEG-dm additive in hectorite clay + carbonate electrolytes. Conductivity is investigated using standard AC impedance with a PAR 273 potentiostat and 5210 lock-in amplifier. Self-diffusion coefficients of lithium ions are found by pulse gradient NMR spectroscopy. Transference numbers are determined using the Bruce and Vincent method. Lithium-ion coin cell cycling is performed on an Arbin BT2042 battery tester.
Rheological properties are investigated using a stress-controlled rheometer to find the intrinsic mechanical properties of the electrolyte. Consistency in formulating the composite electrolyte is important in rheological measurements, and our focus is to find compositions that yield the most uniform gel structure. The microscopic structure of hectorite clay platelets will be analyzed using X-Ray diffraction to find platelet separation after dispersion into solution. 
